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Methodology

Á1D expressions (either analytical or empirical) are available in the literature describing the transportation 
and collection efficiencies. If more than one expressions are available, the worst case condition is 
considered.

ÁWhile size -dependent efficiencies provide some valuable insights, it is difficult to assess the end effect.

ÁTo address this shortcoming, some Monte -Carlo simulations were performed, to capture the anticipated 
size distributions of brake -wear and collection efficiencies of commercial components .

Á In case there are no analytical expressions, or the available ones are based on empirical fits that require 
extrapolations outside the dataset on which they were based, some numerical simulations were 
performed with COMSOL Multiphysics.
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Particle size distributions - literature

ÁMeasured number -weighed size distributions strongly depend on the 
operating principle (i.e. equivalent diameter) and underlying 
assumptions (i.e. morphology / density).

ÁBased on the definition of PM 10 and PM 2.5 , the aerodynamic size is the 
relevant quantity. When expressed this way, the mass can be directly 
calculated from aerodynamic diameter, d a, through:

ά Ὠ ὔὨ ɇ“ɇ ɇ”, ” ρπππ

ÁPublished data on aerodynamic number -weighted distributions, 
suggest:

- Peak in the 0.8 to 1.5 ȉm aerodynamic diameter

- Broad distributions ( ůg=2 -2.5)

Mamakos et al., 
Atmosphere 2019, 10, 639
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Particle size distributions - reference

Á In order to allow for quantitative assessment of potentially critical components, it is important to 
establish some representative reference distributions.

ÁLognormal distributions with a mode in the 0.8 to 1.5 ȉm range and a geometric standard deviation in 
the 2 to 2.5 range allow for some Monte -Carlo simulations.

ÁWhile the assumption of unimodal distribution is not strictly valid, the scaling of mass with the d a
3 implies 

that the coarse mode is dominating and thus focusing on supermicron mode is justifiable for PM.
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Definition of PM 2.5 and PM 10

ÁPM2.5 and PM 10 are not based on a sharp cut -off size, but rather on desirable collection efficiency curves 
representative of respirable (2.5 ȉm) and thoracic (10 ȉm) fractions (ISO 7708).

ÁBased on targeted collection efficiency curves, the assumed size distributions would result in PM 10 /PM 2.5

ratios in the range of 3 to 9.
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Assumed range of operating conditions

ÁTunnel velocity is a critical input for the calculations (i.e. iso -
kinetic sampling etc.).

ÁSimilarly, duct tunnel diameter is relevant for particle 
penetration in the ducts. These losses are not the focus of this 
work, but merely serve as a reference to assess the importance 
of losses in the PM sampling train.

ÁA range of values was derived from the ñCooling Data PMP 
Method.xlsxò file as representative of available tunnels.

ÁFor the analysis it was assumed that :

- Tunnel diameter can range between 80 and 320 mm 

- Duct mean velocity can range between 4 and 100 km/h.
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Extraction

ÁVolumetric flow of extracted sample is dictated by instrumentation or inertial size classifier and should in 
maintain constant at a given setup.

ÁTo achieve isokinetic conditions, nozzles must be installed at the sampling tip.

ÁThin -wall nozzles are the most appropriate for extraction through ducts to minimize distortion of flow.

ÁPotential sources of bias during extraction at nozzle include:

- Anisokinetic sampling

- Anisoaxial sampling

- Inertial impaction

- Gravitational deposition
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Anisokinetic sampling effect (including inertial losses on tip)

ÁAnisokinetic sampling can have a strong effect on both PM 10 and PM 2.5 .

Č Confine U 0/U in the 0.9 to 1.1 range.
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Anisokinetic effect ïreference velocity

ÁThe Reynolds number in the ducts is in the range of 5 × 10 3 to 6 × 10 5, i.e. flow is always turbulent.

ÁProvided that sufficient length is provided for the flow to stabilize, i.e. at least 7 diameters downstream 
any flow distortion, a fully developed velocity profile can be assumed.

ÁVelocity at tip of thin -wall nozzles can be considered 
uniform.

ÁThe fully developed turbulent velocity profile can 
exhibit 5 to 20% deviations from average velocity.

Ą What should be the reference velocity for

isokinetic calculations?
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Anisoaxial sampling

ÁEffect of anisoaxial sampling was evaluated for isokinetic sampling. 

ÁFor aspiration angles smaller than 15 ° , the effect can be neglected.

Č A minimum requirement of less than 15 ° aspiration angle is recommended. Manual alignment of probe 

should be still feasible.


